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A BST R ACT
T he adv anc em erlt Ofspa c einfo r maticte chn ologyin India sin c e1980sin ge rLerala nd
e stablishm ent of RegionalRe moteSe n singRe s e archCe rltr e S Of Departm e ntofSpa c ein
particularhavealre adyhada signiRc ant c orLtribution on de s ert m o nito n ng and natural
re s our c e m an agem entinIndia nA d Region. The c om munic a土io n r evolutio ninitiated
throughIN S Årofsa:tellite s ar e no wprovi dingclim atic and m ete or olgical inform atio n
o v e rthe hdia enablingS Cie ntiststopro vide m o r e ac m r ate w eatherfore c a stl ng Which is
v ery e ss erttial fordis asterpro n e add regions. Subs equetlty,the s atelite rem ote sen sing
datage n er atedbyIRS-1BLISS-IIand RS-1 C LIS S-lIIs eries ofs atellite shasbe en
a ssitlngtO Pro mote S u Stain able r eso urc ede v elopm e nt str ategie s at the micro-levels二
Such initiative s ar eba s ed on c oTttinuous e nviron mentalm o nito n ng ofla nd and.w ater
re s ou rc e sin cluding m ete orologicalpa r am ete rs u slngspa c einfo r m aticte clmology.
INT RO DtJC TI O N
In re c erltye ar s, er[vir o n mental degr adatio nhas attr acted atterltion topolicy makersa,t
globalandnatio nal1evels. Thisha sbe c om e a nissueforfurthe rregio n al ndinte m Etional
n egotiations a sit cuts a cross political bo u ndarie s, Re c ogni migthe htegr al a nd
inte rdepe nde nt natur e ofthe earth, o ur hom e, the Earth su mitheldatRioin 1992
identiBed2 7principles o ngen e ral rights a nd obligatio n sfor e nvir orLm etltalprote ction .
T he rapidinc re a sein aJ7thropoge nic a ctivite sc o mb ined withthepo or m a n age me nt of
n atu ralr e s o urc es arepo sl喝 S eVer ethr eat to vuln er able aridge o syste mirklndia. Largely
itistru ethat e c ologically m arginalr eg1 0nS OfIndia are also ec ono micaly a nds o cialy
m arginal. Fo rdev elopm e nt ofsuchreg10 nSlike aridands emi- ari dare a srequire multi-
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dim e n sio rlala nd ir[tegr atedre s o ur c e m a n age m e ntstr ategleSinordertopro m ote s ustainable
de v elopm e ntby en
l
s unngliveliho od s e curity, capa city building andin volvem ent of
indige n ouskn owledgeinitiatives.
Envir o n m erltaldiversityin aridands emi- aridr egions(Fig.1)is r e鮎ctedby ge o-
graphic ale nviron m ent, so cio- e cot1 0mic condition s,traditonalc ultu re, populatio ngro wth
a ndpoverty, En vir o ru Tle ntaldegr adatio nparticula rlyla nd and w ater constitutes a major
thr e at totheliveliho odof mi llio n s ofpe oplein m arginalarea s. Fortacklingsuchc o mple x
iss u es
,
itis n e c e ssarytopr o m ote effe ctive e nviron m e ntalm onltoring a nd fore c a stingby
m aking a state1 0f-the- artinv entory ofeEistlng Spa C einfor m aticteclmology, n atu ralr e-
s o ur c e sinfo r m ation and da土aba s e and m akethe m acc essibleto r e s e archers willingto
unde rtake s cierlti丘c studie s. Itis n e c ess aryto e stablish Ge ogr aphiclnfor mation Syste m
includingr e m ote s e n sing aSDe cisio nSuppo rtSyste mfor short andlo ngter mstudie sto
impr o ve o ur u ndersta nding ofe71vir o nm e rLtalpro c es s e s(Singh, 1994). .
S TAT E O F E N V m O N M E N T A l｡ M ON IT O R ⅣGIN A R 秒 R E G 王O N
De s ertiRc atio nis a m ajo rPr oble m whichthre ate rLSthefo odsupply a nd is a c aus e of
hu ma一lS uqeringsinthe aridare a s oflndia. The regionisfa cingthe s e v er epr oble m and
mifestedinthe over cultiva.tion, ove rgr azing,defore station and mis m anageme nt ofthe
imgated far m ing. S and dun e e n cr o a chm e nt and filling pr odu ctivityofthelandis a m ajor
c a u s e ofc onc em . Po orla ndu s elSPre s entlycnpplingthe e c ol gicalbalanc e ofthe reglOn .
Biotic r e s o u rc e s ar everely press uris edbyincr easlngliv estockpopulatio n. T hebiological
char a cteristic s ofplart sis adv ers elych anging･ The s oilero sion andre m ovalofv egetatio n
are the tw o main physicalcharacteristic s of de s ertiflC ation . Wate r-tablelow en ng lS
progr e s slng at an alaJTnl ng rate and fa rm ers r equir edeepe ning of w ells e achye ar. At
s o m e site s,the免rm ers a r e o ntheve rge ofaba ndomingthe c ultivatio naltogethe r. Exc e s sive
e EPloitation ofthegr o u ndw ater a ndpo o r o r n o r eplemihm e ntye a r r ou ndtothe aquifer,
isthr e ateningthe e ntirelo c alec o system (Singh,1994)･ L
Drylamd fhminginthe studyar e a,inl1eretltly po s s e s serio u sthre at tolandc ons erva-
tion. T hepla ntgr owth,beingle s s, varie s&o m ye artoye arin r espo n s eto thefhctu atio n s
in the rain免Il. Soilisbare andpro neto windand w ate r ero sionduringfiveto six m onths
e a chyear. The choic e ofcr oplS re strictedtodrought-tolera nt crops andthe r otatio n of
foodcr ops with legu m lnOuS Crops a nd vegetatio nisfoundtobe un e c o n o mic. Soiler o-
sio nisthe promin eTItPrOblern, being m o st extensivein arealcove r age. Expa n sio n of
c ultiv ated landa nde x c e ssivegr azl ng Ofvi1lage co m m onla nds andgr azingla nds arethe
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tw o main c a u se ofs oilero sionin thedistrict. Du st storm sar ea c o m m o nfeature of
s u m m ers･ Consiste nt ove rgrazlng a ndexpansio n ofn et s ow n are aha sap pea red inthe
for m ofextinctio n ofs o m egras s es andshrubs, T helandus e cha nge sthata rehappeming
playa crucialroleinthe aggr avation ofthe e c olgicalproble m s, Land, whichw as e arne
le氏 aba ndo n edfor ec o-Biendly purpos e s s u ch a s r egalnlngthedepleted n utrients a nd
fertility,isfa cingto ughutiliz atio n competitio n. Fa r m ers are not m or ehte r estedin fillow
system astheyr equ lr e m ore a ndm oreland for cultivatio n and, therefo r e,takethe血止o w
la ndsfor perpetualc ultiv ation･ Gr azinglands andpa stur es are als o experiencingde-
creasein a re as･ It re sultedintointeTLSiv e exploitatio n ofthosela=ldsI Ca shc r op c ultiv a-
tio n onthe expandedland de m a ndthe m o stinte n sive u s e･ Nutrie nt and 触1itydq)letio n
o c c u r redim m edia･tely･ Se c o ndly, thebar e s u rfa c ebe c a m epro n eto soilero sio n which
again r e 乱1ted intofertilitydepletiop･ Sa nd dun e swi tho utv egetation are re a ctiv ated by
repe ated hum aninterfer e n c esillthefo r m ofc ultivatio n a ndgra2n ng. M ove m e nt of鼠 nd
du n esthre ate n sthe cultiv atedla nds a s s and du n e s e n cro a chupo nthe 飢1rrO unding 鮎1ds
(Fig. 2).
Inre c entye ar, e nvironm e ntaldegradatio npa rtic ularlylanda nd w ate rpr oblem sha v e
attairLed w orstpropo rtio n s. Out oftotalc o untry s oil degr aded are a of 187.7 mha(57.1
pe r c e nt ofthege ogr aphicalar e a),149Ⅰ血 aisdu eto w ate r er o sio n a nd 13.5 mha attrib-
utableto windero sion. The a r e a auectedisbeing c o n c e ntr a,ted in s emi- ari dalld arid
regi o n s Which o c c upy95.7 a nd31.7 mha o r3 0and10pe r c e nt ofthe c otl血ry
'
s ar e a
re spe ctively(Singhand ChauhaJl, 1994)= Inthelndira Ga ndhiCanalCorr m a nd Are a.
theinc r e a slng ar[thr opogenic a ctivitie s are re spo n siblefo rthe m assive s and dr姐ing and
depo sition pr oblem resultinginthefor m atio nofbar cha ndun e s of1.5to 6.5 m height,
s a nd ridge sof O.9to 2.9 m heightands andshe ets of150to 450cm thickn es s o nthe
adjoiningagricultur al 1a nds and englne erlng Stru ctur e s. The r ate ofs and m ov e meTltin
these ar e a s v arie s丘o m4to40m/ye ar andthe s oillo s srange sbetw e e n2525to3452t/
ha/ye ar. T he s oillo ssby w aterge n erallyvarie s丘om 5to25tonespe rha andsandtrans-
port丘
･
o m onefieldto anothe rin s a ndyde s ert a v er agesbetw e e n12oto45 0tones血 . 1t
ha sbe e nestim atedthat0.16 to15 45t/sq kn s oilis am ualylo st舟o mthe Bandi river.
T he a c c elerated w ate r ero sio nha sre m o v ed0,2to53.5g/1sedim 印tSinthehillyterrain
ofthe Ar avallis andI.0to 453.6g/1 inthelow err eaches oftheL mi riverbasin. T he
Araval1is are fa cing s ever epr oblem s of defore station and eT[Viro n m er[tal degradatio n.
T hefore stc ov erofintheAr aval1ihillr eg10 n C O nti uouslyde clin edandre a chedalevela s
lo w a s6.34per c er[t asper the s ateniteim age ry of1990-92in the Ar avalireglOn Of
Rajastha nwhichc o n stitute s m orethan 84pe r c etltOfthetotal hillpart. The r ece ntdata
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show sthatofthe23 7developm e ntblo cksintheRajasthan state, 198ar efa cingalaming
de clin e ofw ate rtable. Rajasthanbeing s eco nd‾state so fa r asthe mineral depo sits ar e
c o n c e m ed,itr anks危地 inthe pr odu ctio n. Illegal minlnglSgo ng uPtO 60pe rc entin
s o m e ofthe ar e a s, r es ultingerIviron mentaldegradation a sthdseinvolv edinillegal min lng
ha ve n o obliga:tio n stow a rdsEIApro cedu r e.
Accordingto an estim ate, w e sterTIRajasthanis e xpe ctedtofa c edr oughtevery2.5
ye ar s. Su ch舟equerEtocc urre nce Ofdr o ughts cre ate s e nvir on m entofde s er(iBc atio n. Dur1
1 ng197 ト72,there w a s ani creaslngtr e nds ofduststo r m s. Whe n ever r ainfdlfalls steeply,
the r eis a sha rp n s einthe o c curre nce ofdu ststo rm s. Itha s a c onsiderable signi丘c an c ein
the s oiler o sio n a nd des erti丘c ationproces s. Itals ospe eds upthepr o c es s oftheirfo r m a-
tion ･ T hepro c e ss ofdeserti丘c atio nis furthe r a c c elerated by overgraz lng On thepastur e
la ndsduetola ck of fodderduringdroughts, M inistry of Agricultur e of Go v er n ment of
Indiaha simple m e nted drought - pr o rle ar e asPrOgra rrm efo rdr o ughtm an age m e nt.(Singh,
1 990) 咋ig. 3), Su ch c o mplex enviro n m entalsitu ations require applic ation ofspa c e
infor m血 csfor continu o u s n atu rd res ou rc em oniton ng m orderto pro m ote sustainable
dev elopm erlt.
Sl)ACE IN FO m TIC S A S D ECISIONSIJP POR TSY S T E M
Environ m e ntalm o nito n ngrequ 汀 etO analyzephenom e n a,pro c e ss e s a ndtheiriⅡtera ctions
thro ughout spa c e a ndtim e. Infor mation ha stobe c o n sider ed inits attributedim ensio n
(v ariable s), spa;tialdim ension(spatialunlts ofm e as u r e m e nt),te mpo ral dim e n sio n(dy mi c
pro c e ss andchange). GeographicII血 r n ation Syste m a r e offering su ch c apabilitie s as
theyinlegratedattribute, spatlala ndte mporal dim e nsions. Ge ogr aphicInfo r m ationSyste m
shouldbedevelopedas ade cision supportsyste m which is a syste mde signedto support
:- the analysis of de cisio npr oble m s,
- dete min atio n andevalu atio n ofalte m ativede cisio n s,
- s ele ction ofaparticularde cision(or reje ctio ningiven c o ndito n s), and
- m onito nng ofthe exe cutio n ofs ele cted de cisio n andsugge stl ng c o rr e ctive actio ns.
Inge ne ral,go v e m erltal De cision SupportSystem s(DS S)c anbe e a silyinte rlinked
withGe ographicalInfo rmation Syste m which requir ed ac ces stolarge databa s e s c o n-
taining data 丘
.
o m ce nsus e s
,
su rveys, inye ntorie s of n aturalres our ce suslng SPa C e
inform atic s(Table1a ndFig. 4). Thefollowingdata･ba s eproble ms should be re s olv ed:
- whichdata ar erLe ededfo rthe syste m(ele ctr omicdo c um ents, drawings, m aps),
- which data c arlbe obtain ed 丘o m existings ourc e s,
- which databas esm ustbe c r e atedandho wto c ollectrow da:ta
,
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- ac c e畠sto extelTlal database(on -lin e, off-lin e),
- co n version ofdatain pape rdo cu m erltStO electronicform at,
- uni丘catio n ofdata formats and a c c e s s m ethods
,
- interfa c e sbetw eeTldataba s e s(D B M S)andotherふodule s of D SS,
- da土a veriBcation anddataintegntyc o ntr ol.
Table1 Prh ciple s of De cisionStIPPO rtSyste m
M ajo rIsstleS At(ributes
Spatial Data
No n- spatial Data
Digital Repres entatio n
Ftn ctio nal Is s u es
DisplayIssues
Oper ational Iss u e s
- Spa c e/GeographicData
- SpatialDataSo urc es :Con v entio71al & R6 m OtCSe n sl喝
- Glob al Po sitioningSyste m(G PS)
- Co o rdin ateSyste m s and MapPr ojectio n s
- De m ographic/Cen s u sData
- So cio -e c o n omicdata
I O therdala
- Lo w-le v elDataStru ctu res
- High-lev el Da血 Stru ctu res
- Data Capttue
- Database m an age m e nt
- Digital Terrain Modeling
- T hreeDim 6n Sio nal GIS
- Ca rtographic M odeling& The mi cMa[pping
- Spa,tial & Non -spatial Data htegr ation
- Spatial Analysis M ethods :Ov erl野 etC.
I Sp血alQu eryLa喝 u age(SQL)
- GIS & Spatial D SS
- R.n owledge-bas edAppro a ches
- Ⅵs uali2Z(tio rl
- Gen eraliz ation ofSpatial Databas es
- Obje ctO rietled GIS
- Evaltntio n& Imple m e ntatio n
- DistTibtlted Heteroge n eo u sSpa[tial Databa ses
- SpatialDataEx change and Standardiz a.tio n
- Ider･operability ofSpatlal & AttributeDB[ta
- Legal Aspe cts
Thegeneric andspecific cha racteristic s ofs o丘w a r e a rchite cture are veryimpo rtant
fo rdevelopingdecisions support system whichis an a ss e mblyofc o ope ratl ng S ORwa re
m odules. The c o mpo n e nts ofa D S Sa rede velopedu sing m any s o食w ar ete clmologleS
(R D B MS, G IS, E7(Pert Syste m s, Natu ral Language Pro c essing, Multim edia, etc. The
m ajor co mponents ofaD S Sar e :databasem ana･gem ent,do cu m entrepo sitory m a n age-
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m ent, e mbeddedexpertsystem s, sim ul血on m odelsbas e a ndu s erinterfa c e m od ule s.
NEW OP PO RTtTN ITIESI N A P P LICA TION O F S P A C E 廿寸F O m TI C S
With la u n ching oper ationalrem ote s en sings atelite sIRS-1 A(1 98 S)andl B(1991)and
settlng uP Ofinfor matio n syste mslike N N M S, N RIS, R RSS Cs aJldN R D M S, abo ut
3 50n a土ional/regio nal1evelr e mote s ensing applicatio npr ojects(Fig. 5)hav ebe e n
condu cted inlndia･ T he succe s sfu llaunch ofs e c o ndgen e ration andindige n o u slybuilt
R S1 1Cs atellite o n28thDece mbeち1995inIndiahasprovide tr e m erLdou s opportunities
forapplyingspa c einfor m atic sin areas ofe nvir o n mentalm o niton ng a ndn aturalr es ou rces
m a nagem entin aridands emi- aridreglO n S･ Bro w s edataforPA Na ndLIS S- ⅠIIa rebeing
gener ated for us e rs･ The RS-1 Cm arks am 町O rmi lesto n ein thelndia
l
s s atellite rem ote
sen slng PrOgr aJT m ebyc o rltributingto Natio nal Natu ral Re s ou rcesM anage m e ntSyste m
with better re solution, c o v erage a nd re visitin orde rto pr ovideittvalu able data o n
enviro n m erltalr es o urces･ The R S-1C s ur veysthe whole e a rth surfa c einJu st2 4days.
The IRS-1 Cs atelliteha sthree type? ofadvanc edim aging s ens or s▲ The P an chrom atic
Ca m era(P A N)provide veryhighspatialre s olutiondata of5.8 m andagrou ndsw ath of
70k皿 ･ T hePAJIc am er a c arlbe ste e r edto 土 26degre e swhich intu rnin c r e a ses r evisit
capabihtyto 5days ･ Lin e arlm申ng and SelfSc aming(LISS-ⅠII)Se n s o rprovides
m ultispe ctraldata c ouectedinfourbands. The WldeFieldSe n s or(WiF S)c olle ctsdatain
tw o spe ctralbands(Table2). A氾thethre e ca m era s a re OPeratingin r ealtim e o v erlndian
gr o u nd statio nvisibilitycircletw o o rthr e etim e s aday印RSA, 1995)
Table2 Cllar&Cteristic sof IRS-1C Sens ors
Sen so rs Spa[tialRes olutio n(M) Gra nd Sw ath(Rm) B ands瓜 egio ns(M icrorLS)
PA N 5
,
8
LIS S-ⅠⅡ
visible and ln丘a-1 ed 2 3.5
Sho rtw a v eI 血 - r ed 70
.
5
WiFS 188
70 VISibleRegio n
O.50- 0.75
141 0
.
52 - 0
.
5 9
0.62 - 0.6$
148 1.55 - 1.70
810 VisibleRegio n 0.62- 0.86
Nearl11丘a -r ed 0,77- 0.86
Spac einfor maticte chnologyisbeirlgIn cre asingly us ed minlytoimprov edata a c-
qu lSitio n, storage andpr e se ntatio n; enhan ce pr ecisio n a ndquality; a c c el r ate pa ce of
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survey,interpretation andpre sentation ofdata;inc orpo rate c o mparabilityovertim e a nd
spa c ed Lo cal- spe ci丘c actio nplansfo r s u stainabledevelopm entthusge n e ratedfo rpn or-
ity w atershedsn'lo cks(the size ofabo ut 10,000ha)a r e e s se ntially r?c o m m ended foT
optl m u m man age m ent Ofla ndand w ater r es olrCeS. The c o nterltS Ofthe actio npla nsto
illustrate,involv eide nti丘c atio n ofsite sfo r :
I w aterharv e stingthr oughponds andche ck dam s, a nds oilc o n s erv atio n,
- afforestation
,
agro-fo r e stry a ndagro-horticulture,
- fuelw o oda nd fodde rdevelopm eTlt,
- minlng andn e c e ss a ryc o n s ervatio n m e a su r es.
C ONSTR AIN T S I N D E V E LOP M E N T O F SP A C E m FOR M A TICS
T he spaceinform aticte chnologylS Veryexpe n siv einIndia. Thereisla ckofdigtized data
a ndtrain edpe rs onn el･ The r eislittle GISin&a stru ctu r e at the micr o-le vel. TheGIS m aps
do n othavelarge eno ughscale. Tr aditional data gathering age n cie sfolo wdifferent
syste m s, a nddo notpr ovidedigitized data. Thu s,bothduplic atio n a ndexpensiv e,data
c o nver sio n are u navoidable. Largely GISprojectshavebe e n c ar riedo utfo rthepr oject
report and de m o n str atio n stage. T hereis ala ckofan tlmbr ella o rga nisatio n which lo oks
aRe r relatedpr o)e ctsinholisticper spe ctiv e at aridr喝io n. The r eislittle unde rsta nding
a m o ng decisio n m akersinthe m a n age m e nt ofthe spa c einform atic sfor gove r n m e nt
PrOgra mm e S･
C O N C 1,tJSI O N S
T he re storatio n ofe c ologic al baln c ein aridreglOnS requlreS Che cko nde s ert exte nsion,
intensific atio n ofde s e rti丘cation
,
degrada:lio n ofn a:turalre s our c e ssu cha sfore sts,grazmg
la nds
,
s oilw a･te raquifers,incide nce offlo ods and droughts etc. T he r eis an urge nt ne ed
fo r r ege n erating arid regio n spartic ularly the Araval1i hllr egio nby htr odu cingJoint
Fo r e st m a n age m entprogra - e which isbe c omingkeysustain able for est m anage m erlt
str ategyinIndia. Sa,telLtephotograph ha sfa ciutated m applng and distributio nofdunal,
ins elberg a ndpedim e nt a r e as . The geologlCal and related e nviro nm entalstudie shav e
been c arried out&o m blo ck a nd white a nd c oloureds a:teuiteim agerie s. T he em e rglng
application ofGISprovidesfurtherhelpinm o nito nngen viro n m e rEtaliss ues 皿dpla n nlng
sustain abled即 elopm etTStrategie sin aridr egion Oflndia. The appr opna,tespacehfor matic
te chn ologyand itshardw ar e ands o氏w a rerequlrem entS Should beider[tifiedonthebases
ofexperie n ces ofs everal institutio n s. T he e stablislmentofspa c einfo rmationdatabase a s
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a m ulti-disciplhary projectat o nepla c ehv olvingreleva血 o rganis ationsin o rdertopr om ote
techn ologytr ansfer a nd exchange ofAridlnform atio.
n System at national1evel is an
urgent r equlr e me7t ･ At micro -le vel, existingdataba sea vailable at v ario u sin stitutions
shouldbetakeninto c o n sider atio nfo r standardizationide ntifying key s e cto rslike
m ete o r ol gical, hydrological, ge ographical, pale oclim atic, ge ological, bio spheric,land
us e s, anthropogenic and s o cio
-culturala spects･ Subs eque ntlys atellite andgeo
- spatial
data oflow c o st a s wel as us e r丘ie ndlyfo r m at shouldbe pr ovidedto v ario us mic r o
-
1e v els r e s o urce m oniton ng proje cts. Highres olution s atellitedata and lo w re solution
satellite data shouldc o mphed andirltegratedin a m ulti-tempo ral databas eto support
r egio nala nd lo calpr ojectsin aridregions･
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